The electrocardiograms and salient clinical features of seven patients with electrocardiographic evidence of various types of bilateral bundle-branch block (BBBB) have been presented. When the complexes change in form and the P-R interval varies, the mechanisms are usually best interpreted by using the concepts of first degree, second degree, and third degree bundle-branch block with or without block in the higher conduction system. The etiology of BBBB in many cases is idiopathic fibrosis of both bundles. The diagnosis of BBBB by ECG is important because of its relation to the subsequent development of complete heart block or Adams-Stokes syndrome, or both. In this series five of seven patients with BBBB had Adams-Stokes syndrome and three of seven had complete heart block.
W ITH THE DEVELOPMENT of effective treatment for heart block, the diagnosis of bilateral bundle-branch block (BBBB) has assumed increased importance.
In some cases the electrocardiographic (ECG) abnormalities of BBBB precede the serious clinical consequences of complete heart block,l notably Adams-Stokes attacks. This communication is concerned with the clinical aspects of seven patients and the interpretation of their ECGs which illustrate various mechanisms of bilateral bundle-branch block. Previous reports were either of a theoretical nature or presented only isolated illustrations, usually of a single type of BBBB. Current pathological studies confirm earlier work in that complete heart block usually shows organic damage, principally fibrotic lesions, of both bundles of His. Mahaim, 2 From tne Division of Cardiology, Department of Medicine, The Mount Sinai Hospital, New York, New York.
Work supported in part by and FR-05500-04 from the U. S. Public Health Service. Dr. Schloff is a U. S. Public Health Service Postdoctoral Fellow. 790 Yater and associates,3 Lenegre,' and Lev4 found microscopic pathology of both bundles consistently in their studies. Yater,5 in a review of cases of complete atrioventricular block, found that both bundle branches were usually involved. As a rule, one branch was much more involved than the other. Although in four of the six cases, there were no lesions of the heart adjacent to the bundles, he attributed the etiology to arteriosclerotic heart disease. He also stressed that a bundle branch need not be destroyed completely at a given level to give bundle-branch block (BBB). The QRS configuration and duration depended on the relative degree of damage. Recent reports of the pathology in complete heart block' 4serve to document further the presence of BBBB lesions. Lenegrel reported that arteriosclerotic heart disease was felt to be the direct cause of BBBB in only one fourth of his 62 cases. In the majority of his patients the direct cause was not known. Slightly over half had evidence of myocardial infarction. Seven of the 62 were found to have aortic valve disease, usually calcific aortic stenosis. Four of 62 had subtotal destruction of the main bundle, 32 had a lesser degree of Circulation, Volume XXXV, April 1967 BILATERAL BUNDLE-BRANCH BLOCK involvement, and 26 had normal common bundles. Forty patients were found to have total destruction of the right bundle and 19 others, subtotal destruction. The left bundle was totally destroyed in nine and subtotally, in 24. Many combinations of right and left bundle involvement were observed, but complete destruction of both bundle branches occurred in only six of 62 patients. In general, the fibrotic lesions were localized and nonspecific and were found more often in the right bundle.
In addition to pathological studies such as the above, clinical investigations have shown a relatively high number of patients with no associated heart disease.6-8 The highest incidence of no associated heart disease to account for complete heart block was found in the study of Zoob and Smith.6 Thirty of 51 patients were felt to have "primary" complete heart block. Curd and associates7 gave an incidence of 14% for the number of patients without clinically associated etiology. , , , , .
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bundle-branch block with synchronous 2 to 1 branch block and a change in conduction of the left branch.
Vl. That the atrioventricular (A-V) conduction
should vary coincidentally with the change in bundle-branch block is unlikely. With LBBB, the right bundle probably conducts with a delay of 0.24 sec but could have a mechanism of second degree or third degree block as illustrated. Here it is presumed that the delay down the right bundle prolongs the P-R interval to an abnormal degree. When the right bundle develops either greater first degree, second degree, or third degree block, the left bundle conducts with a P-R interval of 0.28 sec. While the pattern was LBBB, the left bundle was probably capable of conduction with this delay, but this was not suggested until the second tracing showing RBBB was recorded. Because the rates in both tracings are 75 per minute, this change cannot be attributed to a rate dependent bundle-branch block.14 The possibility that the atrioventricular node or the common bundle contributed to some of the abnormal delay cannot be excluded (see "AV" area of figure 1, first complex of each strip). In summary, incomplete bilateral bundle-branch block is illustrated. When LBBB is present, the left bundle is most probably capable of conduction with a total P-R interval equal to its P-R interval during RBBB. Therefore, these two ECGs are interpreted as bilateral bundle-branch block, asynchronous, first degree.
Case 2
This patient was a 55-year-old white male with a past history of hypertension, diabetes mellitus, and arteriosclerotic heart disease manifested by myocardial infarction and angina. The previous Circulatsion, Volume XXXV, April 1967 electrocardiograms showed initially left axis deviation, P-R interval of 0.12 sec, and RBBB with rsR' in V1 (May 1954) . This ECG may be interpreted as "atypical right BBB."' Two years later, in May 1956, the axis had changed to marked right axis deviation with a taller R' in VI. At this time an anterolateral myocardial infarction was diagnosed by both clinical course and ECG. During this admission, without digitalis administration, the patient progressed from first degree heart block to second degree (principally 2:1), and then to transient complete heart block. When he left the hospital the basic pattern was unchanged but the P-R interval had increased to 0.20 sec. At the time of the tracing illustrated ( fig. 2) , the patient was admitted again for myocardial infarction. During this admission transient complete heart block was again noted. In August 1957, complete heart block was established with Adams-Stokes syndrome. This mechanism continued until his death in refractory heart failure on November 3, 1958.
Lead III is illustrated with 2 to 1 heart block and two types of ventricular complexes. The first two are RBBB in pattern with a P-R interval of 0.18 to 0.19 sec; the remaining complexes are LBBB in pattern with P-R interval of 0.30 to 0.31 sec. The P-R intervals during any particular QRS pattern are essentially equal. Various reasons may be offered to explain why the P-R interval is longer with the LBBB than with the RBBB pattern. This form of A-V block may be due to a 2 to 1 block in the A-V node or common bundle, but it may also be explained by Bilateral bundle-branch block with changing mechanisms in both brcanches. Figure 5 3lildtciral bmndle-brunch block oith a r-ate r'elated r,esponse of the R bntndl. ; . .
Bilateral bundle-branch block with a complex mechanism (schemata A to D).
Electrocardiogram (Fig. 5)
This ECG reveals intermittent second degree block which is never greater than 2 to 1. Usually a LBBB pattern occurs when the P-R interval appears shorter than usual. But in this electrocardiogram, in which the P-R interval is most accurately measured in lead II, the P-R interval preceding the narrow complexes is 0.18 sec and that of the LBBB complexes is 0.20 sec. Since, in left bundle-branch block, conduction is through the right bundle, the longer P-R interval during LBBB indicates delayed conduction in the right bundle, that is, right as well as left bundlebranch block.
The shortest P-R interval is seen in lead V1 preceding an RBBB complex (fifth QRS complex in the fourth strip). There is no dropped beat preceding this complex, that is, conduction is 1 to 1. This P-R interval is not only shorter than that preceding LBBB complexes but also is someCirculation, Volume XXXV, April 1967 what shorter than that preceding normally conducted, narrow, QRS complexes. The P-R interval preceding the RBBB beat is due to better conduction in the A-V node and common bundle and may be related to the 1 to 1 conduction prior to this beat with slower A-V conduction during 2 to 1 block when the QRS is narrow.
Case 6
This patient, a 67-year-old white male, underwent laparotomy in 1952 for a possible dissecting aneurysm of the abdominal aorta. Over the next 10 years, the patient was admitted for several problems including hypertension, renal insufficiency, arteriosclerotic heart disease with two myocardial infarctions, and angina pectoris. Bilateral bunndle-branch block with 3 to 2 block.
example of "atypical" RIBBB),1 to 2 to 1 conduction withl RBBB, then to 1 to 1 conduction xvith LBBB with-P-R interval of 0.30 sec. At the time of the illustrated tracing ( fig. 6 ), the patient had pulmoniary edema anid aniemia. Followinig th-iis admission the patient xvas observed in complete heart block associated with Adams-Stokes episodes. Later his ECG reverted to ain RBBB palttern, 1 to 1 conduction, with a P-R interval of 0.20 sec.
Electrocarliogram (Fig. 6) Two types of wide ventricullar complexes are noted in V1. The first, foturth, sixth, and eighth are RB3B1 in configuration; the otlhers are LBBB. The P-R interval preceding the R133BB complexes is 0.14 sec, the P-R intervals preceding the LBBB complexes are 0.34 sec except before the third ventricular complex wlhere it is 0.36 sec. In addition, a second degree block (Wenckebach's phenomenoin) is present withl the fourth, seventh, and tenth P waves not being conducted. X.38 Figure 8 Schemata A, B, and C referring to V1 2-25-65, figure 7. conducted with Wenckebach's periods which were synchronized (schema C, fig. 6 fig. 8 ). In the last tracing the mechanism is RBBB with a normal P-R interval of 0.14 sec. This tracing confirms the diagnosis of BBBB but gives no clue to the possible mechanisms in the above records. light.
An awareness of the problem is necessary for recognition of BBBB in the ECG. When a BBB pattern is present with a prolonged P-R interval or longer P-R interval than previous tracings, BBBB can be suspected. Subsequent recording may then show changes in pattern that allow one to make a definite diagnosis of BBBB. The exact electrocardiographic mechanism has been difficult to prove especially with regards to the degree of second degree block of the bundles. In some cases of BBBB only functional changes in conduction may occur that do not indicate as dire a prognosis as Adams-Stokes episodes, complete heart block, and associated complications. As has been seen from this group of patients, the diagnosis of BBBB is of importance because it often precedes the development of complete heart block and Adams-Stokes syndrome.
The average age of this group of patients was over 70 years. Five of the seven suffered from Adams-Stokes episodes but, as pointed out above, four were drawn from a population of such patients. Three of seven had documented complete heart block and four suffered from a manifestation of arteriosclerotic heart disease. Hypertension was present in four patients and, as discussed above, the direct cause of the lesions in the bundles cannot be easily inferred from the clinical form of heart disease. All patients but one suffered from either Adams-Stokes syncope or complete heart block.
Several forms of block in both bundles of His are not illustrated. Delay in the onset of the intrinsicoid deflection of conducted beats in both the right and left precordial leads, indicating BBBB, has been described by Boyadjian and Van Dooren. 16 In the records available to us, this form of BBBB was not found. Another example is the pattern of LBBB in the limb leads with RBBB in the precordial leads. '7-19 None of this type was found in the present series. The pattern described by Lenegre,' marked left axis deviation with RBBB in the precordial leads, was observed twice. When bundle-branch block patterns occur in complete heart block, one or the other bundle can be presumed to be involved. These patterns on occasion alternate, but in this situation an idioventricular focus may be present below the main bundles and, therefore, may not indicate bundle-branch block per se. When the QRS pattern in complete heart block is narrow, the bundles are functionally competent.
